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FoAslam, Ghufian Baig, Mubashir Adnan Qureshi, L. Fennell, C. Schindelhaver, P Thiemann, 20 AL Uzmi
"Retlinking Jove Coadl Stack Design for Ting Embedded Devices”, ander-review Tor ACM S1GPLAN
LCTES

Ths paper presents call stack redesign targeted wlan elhicient use of AR storage wnd CPL

cyeles by a lava propram mnning an oowireless sensor mote, Without affecting the applicannm programs, our call stack redesipn
saves more tham 37% of RAR, on averoge, evaleated over o large number of benchmarks. On the same set of benclimarks, cur
design also avoeids fegquent RAM allocations and deallocations, resulting in abowl B3% fewer mamory operations. These may be
critacal improvements for tiny embedded devices that are equipped with small ameunt of RAM and limited battery Iz Mowever.
our cpll stack redesign s equadly ellzctive tor any complex mulli-threaded cbject ariented program developed Tor deskiop
computers, We deseribe the redesign, measure (05 performimce and report the resultng savengs in [RAM and execution time for o
wide variety ol programs

F. Aslam, L. Fennell, C, Schindelbaver, I, Thiemann, 2. A, Uzmi and 5, Ruchrap “Qffline GO Trashing
Reachalle Objects on Tinp Devices™ Mth ACM Conlerence on Embedded MNetworlked Sensor Systems
(SenSys 20017, Seattle, USA

The abilery of tiny embedded devices o rn large, featire-rech Java programs s typically consteamed by the antount of memary
installed on those devices, Furthermore, the vselul operation of such devices in a wireless senser application s lomited by thear
Battery bl We propose OFhine Garkage Collecteen 10C) (o alleveate both these limitations, Coe approach delics the cueem
pricice in which an olject may he deallocated only iUt is urreachable, The Offline GO allows freeing an olyect that s still
reachiable bot v guwanteed nel o be wsed again in the pogiam. Fudbermere, 0may deallocile an object inside a function, a loop
of & bleck where of s last used, even of that ebject is assigned tooa global field. This leads woa larger amoust of memery avalablz
[0 a [Irepram

Based on an mter-procedural diti Mow analysis that s both Geld-sensitive as well as Now-sensitive, we wdentily, donng program
compilation, the point at which an obyject can salely be deallocated at runtime. W have designed three algorithms for the purpose
of making these offling deallocation decisions, To enforce these offline decisions at rontime, the Tava byvtecode s updated using
twe eustomized nstructions, also durmg the compile time,

Cur implementation of Offline GO indicates a signiticant reductinn in the amaunt of AR and the number of CF1L cveles
needed 10 mana variely of benchmark progeams. The Cine GO s shown o ncrease the wmounl ol RAN availahle Wooa preseam
bup o G6% compared woa cymenl online garhage collector. Furthermore, the number of CPU cyeles consumed o frecing the
memory 15 reduced byoup i T3003% when the C=NTine GO s used, From our evaluption ol the O ine GO on the Denglamilis,

we anfer that s use 15 the most eflectve i saving BAah and CEU eyeles Tor ivpreal sensoe netwaork applications that crene
severil dynamic objects

F. Aslam, L. Fennell, C. Schindelhauer, P Thicmann, G. Ernst, B Haussmann, 2, A, Uzmi and Srefan
Ruoehrup "Opiimized Jove Bivary and Vietwal Muachine for Tinp Motes", 6th [EEE  International
Conference on Distributed Computing in Sensor Systems (TICOSE 20007, Santa Barbara, USA, 2000

W v developed TakaTulos, a Juva Ml Machine optinuzed for tiny embedded devices such as wareless sensor minles
TakaTukn requires very little memory and processing power fom the host device, This has been verified by successfully anming
Tukea Tk om Four differsnt mole platfonms. The focus of s pager s TakeTuka's optimazaten of progrom memery usage (o
addition, it also gives an overview of TakaTuka's linkage with TinvOS and power management. TakaTuka optimizes storape
requirements for the Java classfiles as well as for the IWh interpreter, hath of which are expected 1o be stored an e cmbeddel
devices. These optimizations are peclormed on the desklop computer during the hnking phase, beloe ransfermmg the Java by
amd thee corres pondig VM interpreter onto o mole aed thos witonl burdening 1 memory or compuiatioen resoorces,

We have compared TakaTuka with the Sentilla, Darjecling and Squawk 1Y M,

F. Aslam, C. Schindelhaner, G, Ernst, T, Spyra, 1o Meyer and M. Zalloom, "tatraducing Tala Ticka - A
Jowvir Firtwal Macline for Maotes", (Poster Paper) the ath ACM Conference on BEmbedded Metworked

Sensor Systems, (SenSys 2008), Ruleigh, NC, USA

W prnesent TakaTuka, wtiny Java Virtual Machine (M) for wircless sensor motes. TakaTuka's preliminary version suceesstnlly
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mens on the miea? mates wsing lezs than ¢ KT of RAM. Furthermore, TakaTuka alse runs on Windoews and Ui,

FooAstam, € Schindelhauer, and AL Vater, "Joproving  Geometric Distonce Extintation for Sensor
Networks and Unir Disk Graphs". International Workshop on Scalable Ad Hoc and Sensor Metworks,
[EASMN 2009), Saint Petersburg, Russia

Distance measurement berween nodes in wireless sensor networks is o prereguisite for a vanety of applications and algoniihms
However, special hivdware allowing such measurements s expensive, especially it dealing with hundreds o thowsands of nodes
Fekete et al, presemed an approach on distance estimation based onoanly the neighbehood information availatle 1o all nodes m ghe
nebwork. We improve this alporithm, such a1l does no longer rely on unitormly distributed nodes, For our approach, i s
sullicient that the second derivative ol the probabality distribation function is a constanl.

FoAslam, 20 A, Uzmi and A, Farrel, "Iiterdemain Patle Computation: Challenges and Solutions for
Lahel Swirehed Neovarks”, IEEE-Communications Magazine Vol. 45, Tssue 10, October 2007 Page(s):94
— 101

For kel switched networks, such as MPLS and GMPLSE, most existing taffic engineering solutiens work n a single roving
domiain, These solulions do eol work when aroule frons the ingress node o he egress node leaves the rowting area or autonomaus
system ol the ingress node. In such cases, the path computation problem hecomes complicated because of the vnavailalnliny of the
complete ronting infoeomation throgghout the netwok, This is beeause service provideos wseally choose not Lo leak ronting,
mformation beyond the rouling area or AS for scalability constraints and eonlidentiality concerns. This arlicle serves lwo purposcs
First, st provides a description of the existieg and ongomng worlo o interdemam TE within the TETF This infarmation is carrently
Tuund i wirious [nterngl deatls and has nel yet been collectively presented inoasingle document. To this end, 3 summary ol bath
existing path computation architectures - PCE-based and per-domain - is provided, Second, il compares two per-damain path
computation schemes e lerms ol the el number of LEPS successtully placed and averape number of domains crozsed, withaoul
st availabaliny of complete tepelogy information. We notice that the two per-damain path compotation schemes, proposed
in [, 2], have comparable path computation complexities und selup lnlencies

FoAslam, Z. A, Uzmi, A Farrel and M. Pidro, "ferer-dosain Path Compuiation nsing Improved
Cranlkbuck Signaling in Label Switched Neoworks”, 1EEE International Conference on Communicalions
2007 - WCC-2007, Glaspow, Scolland, 2007

[Fur lebel switched networks, such as MPLS and GMILS, most existing traffic engineering (TR} solutions work i a smgle routing
domain. Theze solutions do nol work when o roote from the ingress node o e egress node leaves the ronting area or the
iutenemous system (AS) ol the ingress node. In such cases, the path computation problem becormes compliceled because of he
nnivvarlatility of the complere rating mfemmation tioughou? the nelwork, 'We present CWS (computation while switching), & new
inter-domain path computation scheme which 1nes to compule a near-optimal path without assuming the availability of complete
topology information. We provide a detailed comparison of the CWS scheme with another per-damain path computation scheme
prven i 1=F Vasseor et al, (2006). Unlike the standard per-domain path computation scheme {Vassenr ¢ al | 2008), the CWS
scheme continues the quest for & better path instead of lermenating the search at e Tist available path, resulling s sigrdfican
improvement in terms of path optimality, T pacteculan, CWE puarantees thal, [or a given network stale, 2 connprited inerdomimn
path will traverse o munimmn aember of domaing. This improvement in path computation directly impacts the amount ol ralfic
that cian be allowed on the netwark. For example, for (e COST266 twpalogy wilh 28 domains and 37 bidireetional mter-demim
links, CW5 places 9600 of the negquested 2000 paths as compared 10 683 paths placed by existing schemes, Finally, the path setup
lileney of the CWS schome remams comparalle wthat ol exsting schemes, by allowing the daca Oow as soon s the Tist leasible
path is toumnd

E. Kubilinskas, I\ Aslam, M, Dzida and M. Pidro, "Recovery, Routing and Load Bulancing Strategy for
an IPAMPLEY Network”, 20th Tnlernational TeletrafTic Congress 2007, Ottawa, Canada, 2007

The pager considers a problem el routing, protection and load balancing in the TRMPLY network A networls design problem
combining all these aspeets 15 presented. Froportioeally e distribation of residual bandwidths on inks 12 osed for Inad balancing,
and protection is achieved with falure=dependent buckup paths, The efficiency of the proposed approach is tested by combining
aptization and simolation waols Mumernical experiments show al using the proposed load balancing and protection mechanizins
decreases e number of disiupled LEPs in case of Gilures, as compared to ather recovery options considersd,

L. Kubilinskas, F. Aslam, M. Dzida and M. Pidro, "Neavork Protectian by Faiture-Dependent Buckup
Paths", System Science, 2007, Vol. 32, Mo, 3, pages 5-14
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F. Aslam, 5. Raza, and 7. A, Uzmi, "Bandwidih Sharing with Primary Pathy for Protection Routing in
an MPLE Nenwark", Global Internet Workshep of the 1EEE INFOCOM, Barcelona, Spain, 2000

T lpfel-switehed netwaorks such as MPLS, protection routing invalves computing asd setting up the Backap paths al the same unie
when the pramary paths aie cowted, 1 has previously been shown that two or more backup paths may share bandwidth along
commnn links il such hackup paths will never be sctivated simultaneously, Snch sharng belween the backop paths lesuls to
reduced Bandwidih reservations and, Twence inproved perfarmance in teoms of aumber of prih requests that can be accommodated
o the metwork | 1], ]2], We present a novel idea thar lockap puths may also share handwidth wath certamn pramiuy paths, theachy
further reducing the averall bandwidth veservations on the netwark. This results i even more path requests being aceanumodined
i Wb network, Shanog with priomay paths s possible with any protection routing framework. To demonstrale this shasng, we use
the WFP protection reuting framework as an example [1]. We provide the enhancemenis to the NP1 framework noeded 1o explon
shating with the pnmary paths. For the eolanced NP framewok, simvulation iesulls on vanoos networks confiom that shanng
wilh priswary paths indeed results i better network wiilization. This inerensed performance is achieved with bounded local stae
infrmmation and withoud requising any additonal routing or signaling overhead,

E. Kubilinskas, F. Aslam, M. Dzida and M. Pidro, "Network Protection by Single and Failare-Dependens
Backup Paths — Modeling and Efficiency Comparison™, System Science, Vol 32, Moo 3, Wioclaw
University of Technology, Poland, 2006,

The paper deals with tralfic recovery in IFMMPLE network carrying traffic of ditterem prionty clusses, Two olt=line network design
problems are presented emploving two dilferent recovery mechanisms = single hackup path and failure=dependent backup path
profection. Also, 1wo rouling stratcgies are studied in this paper. A network design problem with fadure-dependent path proftection
mechanism combaned with the routing steategy implyving both load balancing and path length minimezation 5 proposcd m this
paper. The efficiency of the opproach proposed is tested by combining optimization and simulation oals, Memencal experiments
show that wsing the proposed protection mechanizm allows more trallic to be accommedated in the network and decicases the
mumber of dismepted LSS in case ol failure, as compared e other recovery oplions considered

5. Raza, E Aslam, Shahab Bagai and Z. A, Uzmi, "Seandess Detection of Link and Node Failures in
Label Swirched Networks with Locel Restoration™, Proc. Matonal Conference on Conumumications
(NCC), New Delhi, India, 2006,

We consider a label switched netwark in wihich baclup paths are provided nsing a local restaration scheme [1], [2] A node
receves A falure notification if cither an adjacent link or 2 neighboring node fails. Such a node, however, cannat distinguish
Between link and node abures and must do ore o two Gungs. 1) Activie Bickap paths correspondang to hotl the Tink and the
node suspected e have filed, or 2) Buploy & mechanism o establsl whether it s a link o a node that has failed, and aetivate the
requnsile backup paths once the failure event has been idennified. Tnease backup paths are activated without disambiguating
between lnk and node Taclere, bavdwidih sharing cstimates Tor 2 backup path most be revised (o take mto account comcurmenl
activation of certain addinonal backup paths. Consequently, a greater amoaunt of handwidth has to be provisioned when the failurce
detection 1= embaguous Tothe case whercin o nede walts o identify the exact lailure before activatmyg the sequisite backup paths,
there 15 imcrenzed switchover lleney subseguent o the network Tuluie, Evidently, the mereased switghover latency nasslates inn
a preater traflic disruption following a netvok Crilore, We present a simple selution to this problem. Cur solution eliminates the
need 1o over-provision backup bandwidih, Morgover, our solution makes possille immedinte activation of backup paths withont
wailing W disambiguate between link and node Tmlure, The key idea is ihat of an inlermediate nede along the activated hackup
piths gncounters a resonrce reservation violation, it ¢an infer the exact tvpe of failuee that has transpired, 10may then abon the
tratfic corresponding o the erronecusly activated paths wiile the network trafTic that equines restoration can Dow tough without
bewg disrupled.

5. Raza, K. Aslam, and Z. A, Uzmi, "Online Rowting of Bandwidth Guaranteed Paths with Local
Restorarion using Opiimized Agpregate Usage Informarion”,  EEE International Conlerence on
Conununications (1EEE-1CC), Seoul, Korea, 2005

Wi investigate the problem of disinbuted online rosting ol bandwdth guaranteed paths with local restoration A unified model 15
propased that captures the handwidth shanng choractenstic of hackog paths that provision lecal restoration, corresponding to
dullerem fault models. We apply the model to describe bandwidih sharing on backop paths for varving degrees of netwonk sie
infarmation. The exteat of backap handwidth shanng depends on the amount of netwerk state mfarmation made avaelatle throvgh
routing prowenls A key design coterion Tor tralfic engineering schemes s o maamize the sharing between backup paths, while
minimizing this protocel overhead, Kodialam el al. demonstrated in [3] that propagating a constant amount of aggregaled
information per link leads w cost elfective bandwadth sharing. We propose a new aptimized aggregate infonmation scenano
(0Al5}, in which we judiciously select the propagated nformation, such that the protgcol overhead 15 idenrical o that i [3).



Simulations show that 0418 aulperforms other information scenarins will comparable protocol overhead.

F. Aslam. 5. Raza, F. R. Dogar, [ UL Ahmad, and Z, A, Uzmi, "NPP A Facility Boved Coonpatiation
Framewaork for Restoration Routing wsing Apgregete Usage Informarion™, Third International Workshop
on 0o% in Multiservice [1? Networks (QoS-TR 2005), Catania, Italy, 2005 3

We present MPP—a new framewnik for onling routing ol bandwidih garanteed palhs with local restorstion, NI eelies on the
propagation of only agzregate link usage information [2,9] through routing prolocels. The key advantage of NP s thal i delivers
the Bandwidih sharing performance achicved by propagating compplete per park link usige infermation (9], while incucring
signilcantly redneed routing protocal overhead. We specily precise implementation maodels for the restorfion rmeaing framewarks
presented in (1] and [2] and compure their tralfic placement charaeteristics with those of NPT Simnulution results show that MPF
performs significantly better m terms of numher of LSPs azcepled and total bandwidth placed on the network For TR0 sndomly
selected LSP requests on a 20-node homogenous 151 network [8], NPP accepls 775 requests on average compared to 571 requests
accopted by the Hamewerk of [2] and 693 requests pecepled by the framewark of [L]. Experments with different sets of L5P
requests and en olher netwarks ndicate that MPP reselws in similar performance giing
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